Glycogen storage in multiple muscles of old GSD-II mice can be rapidly cleared after a single intravenous injection with a modified adenoviral vector expressing hGAA.
Glycogen storage disease II (GSD-II) is an autosomal recessive lysosomal storage disease, due to acid-alpha-glucosidase (GAA) deficiency. The disease is characterized by massive glycogen accumulation in the cardiac and skeletal muscles. There is early onset (infantile, also known as Pompe disease) as well as late onset (juvenile and adult) forms of GSD-II. Few studies have been published to date that have explored the consequences of delivering a potential therapy to either late onset GSD-II subjects, and/or early onset patients with long-established muscle pathology. One recent report utilizing GAA-KO mice transgenically expressing human GAA (hGAA) suggested that long-established disease in both cardiac and skeletal muscle is likely to prove resistant to therapies. To investigate the potential for disease reversibility in old GSD-II mice, we studied their responsiveness to exogenous hGAA exposure via a gene therapy approach that we have previously shown to be efficacious in young GAA-KO mice. An [E1-, polymerase-] adenoviral vector encoding hGAA was intravenously injected into two groups of aged GAA-KO mice; GAA expression and tissue glycogen reduction were evaluated. After vector injection, we found that extremely high amounts of hepatically secreted hGAA could be produced, and subsequently taken up by multiple muscle tissues in the old GAA-KO mice by 17 days post-injection (dpi). As a result, all muscle groups tested in the old GAA-KO mice showed significant glycogen reductions by 17 dpi, relative to that of age-matched, but mock-injected GAA-KO mice. For example, glycogen reduction in heart was 84%, in quadriceps 46%, and in diaphragm 73%. Our data also showed that the uptake and the subsequent intracellular processing of virally expressed hGAA were not impaired in older muscles. Overall, the previously reported 'resistance' of old GAA-KO muscles to exogenous hGAA replacement approaches can be rapidly overcome after a single intravenous injection with a modified adenoviral vector expressing hGAA.